Objective-To describe the characteristics of a new set of European families with aVected sib pairs (ASP) collected by the European Consortium on Rheumatoid Arthritis Families (ECRAF) to replicate the results of our first genome scan. Potential gradients for disease severity in Europe and concordance within families were studied. Patients and methods-From 1996 to 1998 European white families with at least two aVected siblings were enrolled in the study. Demographic (sex, age at onset), clinical data (rheumatoid factor (RF), disease duration, erosive disease, extraarticular features (EF)), and HLA-DRB1 oligotyping were analysed. Results-565 patients with rheumatoid arthritis (RA), belonging to 271 families including 319 aVected sib pairs (ASP) were collected. Belgium, France, Italy, the Netherlands, Portugal, and Spain contributed 20, 96, 52, 24, 9, and 70 families, respectively. Sex (78% women), age at onset (mean 44 years), and RF positivity (79%) were similar among the countries. DiVerences were found in disease duration (11-18 years) and in the prevalence of erosive disease (70-93%), nodules (15-44%), subjective Sjögren's syndrome (5-38%), and EF (3-16%) (p<0.05 in all cases). A total of 22% RA sibs were shared epitope (SE) negative, whereas 47% and 30% carried one and two SE alleles respectively. Carriage of SE diVered widely among countries (p<0.0001): no SE alleles (6-36%), one allele (43-60%), and two alleles (20-39%). SE encoding alleles were mainly DRB1*04 in the Netherlands and Belgium, whereas SE carriage was less common and evenly distributed between DRB1*01, *04, and *10 in Mediterranean countries. No concordance within families was found either in age/calendar year of onset (intraclass correlation coefficient <0.50) or in clinical and radiological features ( <0.22). Conclusions-The diVerences in RA characteristics between European countries and within families underline the heterogeneity of the disease. No clear cut gradient of disease severity was seen in Europe.
Rheumatoid arthritis (RA) is a complex multigenic disease characterised by persistent symmetrical synovitis, leading to cartilage and bone destruction. Its cause is not known, but both genetic and environmental factors play a part. Evidence for the genetic contribution to the susceptibility for RA comes from the familial clustering of the disease, 1 2 and from studies showing a four-to fivefold increased RA prevalence in monozygotic compared with dizygotic twins. 1 3 RA susceptibility is associated with certain class II genes in the major histocompatibility complex encoding for HLA-DR molecules. The HLA genes associated with RA encode a conserved amino acid sequence in the third hypervariable region of the DR chain referred to as the shared epitope (SE). 4 This association shows ethnic and geographical variations. 5 RA is strongly associated with DRB1*0401, *0404, and *0408 alleles in northern Europe, 6 7 whereas in Greece, Spain, and Italy associations with DRB1*0405, *0101, *0102, and *1001 alleles have been shown. 5 8-11 HLA class II genes have been estimated to explain only one third of the total genetic contribution to the disease. 12 13 The search for additional susceptibility loci in RA and other multigenic diseases has been stimulated by recent advances in molecular biology and automated gene scanning technology. Two basic approaches are being used at present: (a) exclusion mapping using genome-wide scans and large panels of highly polymorphic microsatellites to identify non-random segregation of parental haplotypes between aVected sibling pairs (ASP) [14] [15] [16] and (b) testing for potential candidate genes relevant for disease susceptibility. 17 The European Consortium on Rheumatoid Arthritis Families (ECRAF) has performed an initial genome scan on 97 ASP families, which suggested a second RA locus on chromosome 3 and disclosed at least 10 other regions of interest containing new potential RA susceptibility loci.
14 These results need to be replicated in additional sets of families. In this paper we describe the demographic and clinical characteristics of a large new set of ASP families collected by the ECRAF for such replication studies. Potential gradients for RA severity in Europe and concordance within families of disease characteristics were assessed in this family set. 
Patients and methods
From 1996 to 1998 European white ASP families were gathered in Belgium, France, Italy, the Netherlands, Portugal, and Spain. Candidate families, identified either by attending rheumatologists or self reported after media announcements, had to have at least two siblings fulfilling American College of Rheumatology criteria for RA. 18 The diagnosis was confirmed by one of the rheumatologists participating in the study or by the clinician in charge of the patient.
A database was constructed using clinical and epidemiological data obtained from medical records and radiographs and/or from direct interviews and examination of patients, if needed. The variables studied included sex, age and calendar year at onset, disease duration, rheumatoid factor (RF) status, and presence/absence of erosive disease, nodules, subjective Sjögren's syndrome, and other extra-articular features (EF), including pericarditis, vasculitis, rheumatoid lung, or mononeuritis. HLA-DRB1 oligotyping was performed by polymerase chain reaction based methods.
STATISTICAL ANALYSIS
DiVerences among countries were assessed by analysis of variance and 2 test for continuous and categorical variables, respectively. Concordance within families was analysed using a paired Student's t test and intraclass correlation coeYcient for continuous variables and a test for categorical variables, respectively. In families with more than two aVected sibs, a single random ASP was studied to avoid bias towards a greater concordance. Most families (n=250) had only two aVected sibs, but 19 families had three and two families had four aVected sibs. Table 1 shows demographic and clinical characteristics of the patients in the study. Age of onset, sex, and RF positivity were similar among the European countries. None the less we found diVerences in calendar year of disease onset (later onset in Spain and the Netherlands than in France; F=0.0001), disease duration (longer in Belgium and France than in the Netherlands; F=0.001). Significant diVerences between countries were also found in the prevalence of erosive disease (p=0.0001; >90% in Belgium and Spain), nodules (p=0.0001; >40% in Belgium and the Netherlands), subjective Sjögren's syndrome (p=0.004; >30% in Spain, the Netherlands, and Belgium), and extra-articular features (p=0.0001; >10% in Belgium and Italy). Despite these differences, no clear cut geographical gradient in clinical, biological, or radiological manifestations between northern and southern Europe was seen. Tables 1 and 2 show the distribution of HLA-DRB1 alleles encoding the SE. A total of 47% and 30% of the patients carried a single and double SE allele respectively, whereas 22% of the RA sibs were SE negative.
Results

Two hundred and seventy one European
Large diVerences in SE carriage and in the distribution of alleles were seen among the countries (p=0.0001). SE negative patients were more rare in the Netherlands and Belgium (6% and 12%, respectively) than in Mediterranean countries and Portugal (20-36%). Altogether, HLA-DRB1*0401 and 0101 alleles were most prevalent (41% and 22% respectively) and *0405, *0408, and *0102 less frequent (<8%). In the Netherlands and Belgium SE encoding alleles were predominantly DR*04 (81% and 88% respectively), whereas in the other countries the distribution in DR*04, *01, and *10 was more even. To assess the concordance within families, disease characteristics between aVected siblings were compared. DiVerences in age at onset (mean (SD) 10 (8) years) and in calendar year of disease onset (mean (SD) 10 (9) years) between sibs were large (intraclass correlation coeYcient <0.5). The concordance for categorical variables such as sex, RF, erosive disease, nodules, Sjögren's syndrome, and other extra-articular features was also poor (table 3) .
Discussion
This study describes a large set of European white ASP families collected by the ECRAF for replication studies. The latter are needed to confirm our initial findings which suggested that besides class II HLA genes, at least 10 different genetic regions may be linked to susceptibility to RA.
14 The relative risk of RA among first degree relatives is barely increased compared with that of the general population, 19 and familial aggregation of RA is relatively rare. 2 12 19-21 Collection of such a large family set therefore requires international eVorts. These oVer the opportunity to assess clinical and immunogenetic aspects of the disease in diVerent countries.
Our results show that there is a considerable heterogeneity of RA across Europe. With the exception of age at onset, sex, and RF status, all clinical and radiological variables studied and the results from HLA typing showed a large diversity between European countries. Despite this diversity, we did not see any clear cut gradient in disease severity from northern to southern Europe. Our results, therefore, do not sustain the notion of a mild phenotype of RA in Mediterranean countries 22 23 compared with a more severe one in northern Europe, 24 though it is possible that our family collection was not big enough to identify this diVerence.
Phenotypic heterogeneity may, to a certain extent, be explained by genetic factors, including HLA and SE. We found a higher prevalence of SE and double SE alleles in northern European countries. HLA-DRB1*0401 was the most prevalent allele overall, except for Italy, and DRB1*04 alleles were highly represented in the Netherlands and Belgium. DiVerences in SE encoding alleles may be relevant as these are not equivalent in prognostic terms. Severe disease has been associated with SE 9 , a double SE allele, 6 25 26 and with certain DR4 alleles or their combinations, 7 25-28 whereas DR1 may be associated with a milder disease course. 28 29 From the above mentioned data, it might be expected that RA should be mild in populations with a high prevalence of DR1 and a low prevalence of DR4 alleles, such as Italy, Spain, and Portugal, and more severe in Belgium and the Netherlands, where DR4 is most common. Our results do not support this hypothesis.
The concordance in disease characteristics within aVected members of the same family was also studied. This allows some discernment between relative contributions of genes and environment to disease susceptibility. Disease onset tends to occur at a similar age if genetic factors have a major role, but it clusters around the same calendar year if common environmental factors are important. Age, calendar year of onset, and all other clinical and radiological characteristics assessed diVered considerably within aVected sib pairs in this and previous studies. 30 31 This emphasises the heterogeneity of the disease even within the same family and may point to a limited role of genetic factors in the susceptibility for RA.
The findings in this study are derived from patients with familial RA and it has been proposed that familial disease may be associated with a more severe disease course. 12 Recent large cross sectional 2 32 33 and longitudinal studies 34 in European countries show no relevant diVerences between familial and sporadic RA, except for the sibship size. 2 34 Our findings can therefore be extrapolated to sporadic RA.
Taken together, this study describes the clinical and immunogenetic characteristics of RA in a large set of European families collected by the ECRAF for replication studies on new potential RA loci. Our results show that RA is a heterogeneous disease, not only across Europe but even within aVected members of the same family. No evidence for a north to south gradient in disease severity was seen in Europe.
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